
T. N. Hiraki, RIKEN

Development of data acquisition and analysis 
infrastructure for high-speed X-ray imaging 

detector CITIUS
Toshiyuki Nishiyama Hiraki

RIKEN SPring-8 Center

April 1st, 2021 1IFDEPS VT 2021

Presenter
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Thank you for the introduction. 
From SPring-8, I will talk about the development of the data acquisition and analysis infrastructure for utilizing CITIUS detectors.
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Meets demands from anticipated 
experiments at SPring-8-II[2]:
• frame rate over 10 kfps, 
• high pixel count,
• count rate over 500 Mcps/pixel.

Performance of 20M-pixel CITIUS[1]

Parameters Value

Pixel size 72.6 μm

Pixel count 20.2 Mpixels

Frame rate 17.4 kfps

Max. count rate @12 
keV

600 Mcps/pixel
(= 114 Gcps/mm2)

Year in operation 2023 (expected)

Requires a CAREFUL design of the data 
handling scheme to the peak stream 

rate* of 1.4 TB/s:
• data transfer,
• on-the-fly processing,
• storage,
• post-analysis.

But,

[1] T. Hatsui, Presentation at the 2nd R-CCS International Symposium (Feb. 2020)
[2] SPring-8-II Conceptual Design Report (2014), and updated values

IFDEPS VT 2021

*Stream rate is information data rate.
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As Hatsui-san and Imai-san presented last week, charge-integrating X-ray pixel array detectors CITIUS are under development at SPring-8. 
In 2023, we plan to provide a 20-megapixel CITIUS detector. 
The specification of the detector is shown in this table. 
I would like to note that this detector has a repetition rate of 17.4 kilo frames per second and a maximum count rate of 600 mega cps per pixel. 
The CITIUS meets these demands from anticipated experiments at SPring-8-II. 
A 20-megapixel CITIUS has the peak stream rate, or information data rate, of 1.4 terabytes per second. 
Taking full advantage of a 20-megapixel CITIUS requires a careful design of the data handling scheme tolerable to such a high stream rate from data transfer to post-analysis.
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Brute force implementationBaseline implementation
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Currently we have been developing the data acquisition and analysis system to reduce the stream rate. 
A schematic of the data handling system is shown here. 
The system is composed of a CITIUS detector, PC servers, external cache storage, and an archive and analysis system. 
The PC servers have PCI-express boards with FPGAs, which we call data-framing boards. 
In a brute force manner, the whole system has to deal with the peak stream rate of 1.4 terabytes per second. 
This results in the generation of around 145-petabyte data for a 4-day measurement when the data acquisition rate is assumed to be 30%. 
To avoid such a serious situation, a careful design of the data handling system is a must for a 20-megapixel CITIUS.
We have been implementing some algorithms to the DFBs and the PC servers. 
First, processing algorithms including data accumulation, data selection and veto mechanism are applied to the detector images on the DFBs in the on-the-fly manner. 
Thereby the peak stream rate is to decrease to 0.4 terabytes per second. 
Second, information-lossless compression algorithms performing compression rate by a factor of 3 to 1000 are applied to the images on the CPUs, by which we will decrease the peak stream rate to 10 gigabytes per second. 
Using these processing algorithms, our first implementation stands for the data stream with an overall reduction by around 140, which results in just 4-petabyte data for a 4-day measurement when the data acquisition rate is assumed to be 30%. 
This implementation is more practical than the brute force one.
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Milestones:
1. 840-kpixel CITIUS 

from 07/2021.
2. 2.2-Mpixel CITIUS 

from 10/2021.
3. 20-Mpixel CITIUS 

from 2023.

The data acquisition and analysis 
system for the 1st milestone has been 
designed and is under assembly.

PC 
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with
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PC login
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Toward the operation of a 20-megapixel CITIUS detector, we have milestones as shown here to develop the data acquisition and analysis infrastructure.
The first milestone is to operate an 840-kilopixel CITIUS detector from 07/2021. 
The second is to operate a 2.2-megapixel CITIUS detector from 10/2021. 
Then we will provide the data handling system for the operation of a 20-megapixel CITIUS from 2023. 
The left side of this slide shows the rack and main components of the current design for the 1st milestone, which has network switches, PC servers, a KVM switch and an external storage.
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Summary
• Operation of a 20-Mpixel CITIUS at 17.4 kfps has a peak stream rate of 1.4 TB/s, 

which requires a careful design of the data handling scheme.
• Our first baseline implementation includes on-the-fly processing and 

information-lossless compression in order to withstand data stream with an 
overall reduction by x140.

• Our 1st milestone to providing a 20-Mpixel CITIUS is to operate an 840-kpixel 
CITIUS in 07/2021. The data handling system has been designed.
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Presentation Notes
In summary, I presented the development of the data acquisition and analysis infrastructure to operate a 20-megapixel CITIUS detector at 17.4 kilo frames per second.
I would like to give my gratitude to my collaborators shown here.
Thank you for your attention.
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